Aims. We report on the first major temporal morphological changes observed on the surface of the nucleus of comet 67P/ChuryumovGerasimenko, in the smooth terrains of the Imhotep region. Methods. We use images of the OSIRIS cameras onboard Rosetta to follow the temporal changes from 24 May 2015 to 11 July 2015.
Introduction
Comets are among the most primitive bodies of our solar system and contain clues to constrain its formation and evolution (e.g., Weidenschilling 2004). They are active bodies, which eject gas and dust into space during their orbit around the Sun. A key scientific question, to understand how comets work and whether they still contain pristine materials at or near their surface, is how the nucleus is changing with time and to which extent activity modifies its surface? Rosetta, which has been orbiting comet 67P/Churyumov-Gerasimenko since August 2014, offers a unique opportunity to tackle this fundamental question.
The only changes observed so far at the surface of a comet nucleus are that of 9P/Tempel 1, visited twice, in 2005 by the Deep Impact spacecraft (A'Hearn et al. 2005) and in 2011 by the Stardust spacecraft (Veverka et al. 2013) . The morphological changes are restricted to a small area located near the largest smooth terrain. The two main detected changes are a retreat of up to 50 m of the boundaries of the smooth flow in at least two places and the merging of three roundish depressions into a larger one (Veverka et al. 2013) .
Turning to the nucleus of 67P, modeling by Keller et al. (2015) predicts that it may locally lose up to 3.5 -14.5 m per perihelion passage, assuming a dust-to-gas ratio of 4 (Rotundi et al. 2015) . The erosion is non-uniform across the surface and strongly connected to insolation, with maximum erosion in the Southern hemisphere, the most illuminated one at perihelion. Observational evidences of past changes also exist on the nucleus surface, in the form of mass wasting Thomas et al. 2015b ) and material transport (Thomas et al. 2015a) . Since these changes precede the Rosetta rendezvous, it is not possible to know their timescale and in particular if they result from a single or multiple perihelion passages. Until 24 May 2015 , despite the fact that 67P had already lost 20% of its total mass loss per perihelion passage (Keller et al. 2015) , the OSIRIS cameras (Keller et al. 2007 ) onboard Rosetta had only detected subtle changes on the surface (e.g., in the Hapi region), whose authenticity is still being evaluated. In this article, we report on the first major temporal changes observed on the surface of 67P, in the smooth terrains of the Imhotep region. This region, which presents a wide variety of terrains and morphologies, is a good candidate for being an active region at perihelion Keller et al. 2015; Vincent et al. 2013) . The most remarkable features are the smooth terrains, which extend over 0.8 km 2 for the largest one, and the roundish features observed near the gravitational low of the region and interpreted as ancient degassing conduits by Auger et al. (2015) . (2015)). All the images were acquired with the Narrow Angle Camera (NAC) of the OSIRIS instrument.
Observations

Temporal evolution
June 2015, a first roundish feature (A) appeared on the surface and expanded in the following days. On 13 June 2015, a second roundish feature (B) appeared and also expanded. On 2 July 2015, a third feature (C) appeared and expanded. On 11 July 2015, two additional features (D and E) appeared. At the end of the observational period, features A, B and C joined each others and feature A reached the edges of the smooth terrains.
Each feature is growing in size from a given location in a preferential direction, in a roughly circular pattern. Features originate from scarps (A), cliffs (B), terrain discontinuities (C and E) or edges (D). The expansion rate of the two main features A and B is 8.1 ± 0.8 × 10 −5 m s −1 and 5.6 ± 0.6 × 10 −5 m s −1 respectively, this rate being constant from observation to observation. On 2 July 2015, the diameter of feature A reached ∼220 m and ∼140 m for feature B, with rims of 5 ± 2 m. In one month, these dramatic morphological changes have already modified more than 40% of the surface of the largest smooth terrain of Imhotep, and appear to be still ongoing. The first column shows a context image of the region, the second column shows the color ratio (blue/orange for 18 June and 2 July, blue/red for 11 July) and the third column shows a color composite made of the first two columns. The yellow arrows indicate where features A, D and E started (Fig. 1) , with a material bluer than the average (value above 1 in the color ratio). The images were acquired with the NAC.
Bluish materials appear on the surface
July). The contours of the expanding features are also slightly bluer. The spectrophotometric analysis reveals that the bluest terrains are almost neutral in the range 500 -950 nm, whereas the spectral slope of the average terrain is 16 % per 100 nm in the same wavelength range, i.e. redder than the Sun.
This bluer material strongly suggests the presence of ice exposed on the surface (Pommerol et al. 2015; Fornasier et al. 2015; Capaccioni et al. 2015) . This fresh material was probably buried below a dust deposit, which has been removed by the erosion processes responsible for the observed changes. The presence of material enriched in volatiles in the first meters below the surface is supported by the nucleus low thermal inertia of 10 -50 J K et al. 2015) and modeling (e.g., Prialnik et al. 2004) , which both show that only the top few meters are affected by insolation. Since H 2 O and CO 2 where detected in the coma above Imhotep (Hässig et al. 2015) , the ice exposed on the surface could be composed of H 2 O and/or CO 2 .
Link with dust activity
We monitored the dust activity in the Imhotep region before and during the period of changes (Fig. 3) . We did not detect any significant variations in the dust activity pattern above this region and in particular no increase in the number and intensity of dust jets above features A and B. More precisely, whereas several narrow collimated jets might originate from the smooth region, no strong jets are associated specifically with features A or B. • away from nadir.
Although no significant variations are observed in the dust activity, we cannot exclude an increase in the gas production rate (H 2 0, CO 2 or CO) during the observational period, unfortunately beyond the capabilities of the OSIRIS instrument. As an example, on comet 103P/Hartley 2, the water and dust strongest jets were not originating from the same region; the neck for water and the small lobe for the dust (A'Hearn et al. 2011).
Discussions and conclusions
We observe a collapse of a considerable thickness (∼5 m) of the upper surface, which is occurring in an organized way and propagating over the surface. This process starts from scarps, cliffs, terrain discontinuities or edges, where the dust deposit is thinner and where the seasonal heat wave first reaches the underneath volatile rich materials. In May -July 2015, these terrains are orientated towards the afternoon side; they are strongly illuminated in the morning and have the Sun at zenith above them, so they are probably local spots hotter than the neighbourhood. The expansion goes preferentially away from these scarps or cliffs, which are consolidated materials, harder to erode. Later on, it may overpass this natural barrier, as it is the case for feature A on 27 June (Fig. 1) . Each feature continues to grow in size, towards the afternoon direction, until it reaches another one or the edges of the smooth terrain, and then stops.
We calculated that the erosion rate for H 2 O and CO 2 ice exposed on the surface can reach 4.2 × 10 −7 m s −1 and 2.8 × 10 −6 m s −1 respectively at 1.4 au (67P's heliocentric distance in June 2015), assuming a density of 535 kg m −3 (Preusker et al. 2015) . This is much less than the observed lateral expansion rate of 5.6 -8.1 × 10 −5 m s −1 , which means that the sublimation of ices alone is not sufficient to explain the observed expanding features. Although it remains speculative at this stage, the eroding process might however be exacerbated by the low tensile strength of tens of Pa of the cometary material ) that can easily erode in large chunks of several meters (Pajola et al. 2015) or driven by additional energetic processes such as for example clathrate destabilization or amorphous water ice crystallization (Mousis et al. 2015) .
The lack of enhanced dust activity in the coma during the period of changes suggests that the dust deposit is dominated by millimetric or larger particles, and not microscopic ones. Grains up to the decimeter scale are observed in the smooth terrains of Imhotep . During the eroding process, a fraction of dust particles fall and accumulate at the foot of the expanding features or are transported slightly farther away, towards the center of the newly formed roundish features. This material transport could explain the bumpy shape of feature A (1 July, Fig 1) , with more material in the center than on the edges. The fraction of particles that escape the nucleus is unkown and cannot be determined by OSIRIS alone. We further add that if the nucleus is porous, a significant fraction of dust particles may sink into it during this process. Finally, it is worth mentioning that the surface material in the evolving regions looks photometrically essentially the same, before and after the changes (Fig. 1) .
If the same erosion process applies to the putative ancient degassing conduits of Imhotep , covered by a dust deposit for most of them, they could also be rejuvenated and become active at each perihelion passage. More generally, if activity increases significantly on Imhotep, it could be the source of the strong equatorial jet observed from Earth at the previous perihelion passage (Vincent et al. 2013) . Such seasonal events are also supported by the fact that the height of the rims of the expanding features is a few meters, which corresponds to the depth at which the seasonal heat wave penetrates into the nucleus (Gulkis et al. 2015) .
One may wonder why such major and rapid changes on the surface are first and currently only observed in the smooth terrains of Imhotep. The Northern hemisphere, which is also covered in several places by a dust deposit (El-Maarry et al. 2015) , receives ten times less solar energy than Imhotep and is colder on average (Keller et al. 2015) ; if the same process takes place (e.g., in the Hapi region), it is on a longer timescale. The Southern hemisphere is, on average, strongly eroded by several meters at each perihelion passage and therefore lacks dust deposits. Imhotep, which is located in a gravitational low able to retain and accumulate dust deposits, and where solar energy reaches 70-80% of the maximum energy received by the nucleus (Keller et al. 2015) , is the proper location for such changes to take place.
It is therefore tempting to see similarities with the morphological changes observed on 9P between 2005 and 2011 (Sect. 1), which are also linked to the largest smooth terrain on the surface, furthermore in a gravitational low like Imhotep (Thomas et al. 2007 ). The retreat of the scarp from the smooth flow is best interpreted by the progressive sublimation of material over several months (Veverka et al. 2013) , i.e. a slow process compared to what we see on Imhotep. However, the merging of multiple depressions could be another example of the type of fast eroding process observed on Imhotep, with the strong limitation that we do not know the timescale of this event on 9P.
The dramatic changes observed on Imhotep are a spectacular event, unique to comets, with a currently unpredictable endstate. We will continue to carefully monitor this region during the coming months to better constrain the erosion processes responsible for these changes. Looking for changes on 67P remains a key scientific objective for all Rosetta instruments, to better understand how comets work and evolve.
